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A method of manufacturing a flexible display device and a
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one aspect, the method includes preparing a first release area
and a first attachment area around the first surface area on a
first surface, attaching a base substrate to the first surface, and
forming a display unit on the base substrate corresponding to
the first release area of the carrier substrate. The method also
includes cutting the area of the base substrate corresponding
to the first release area of the carrier substrate so as to include
the display unit, and separating the cut base substrate from the
carrier substrate. Thus, the carrier substrate and the base
substrate may be smoothly combined with each other and
separated from each other without an additional mask depo-
sition process. Also, damage to a product that may occur
during combination and separation of the substrates may be
much reduced.
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1
FLEXIBLE DISPLAY DEVICE
MANUFACTURING METHOD AND CARRIER
SUBSTRATE FOR THE METHOD

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

This application claims the benefit of Korean Patent Appli-
cation Nos. 10-2012-0096796, filed on Aug. 31, 2012, and
10-2012-0137337, filed on Nov. 29, 2012, in the Korean
Intellectual Property Office, the disclosure of which is incor-
porated herein in its entirety by reference.

BACKGROUND

1. Field of the Technology

The described technology relates to a method of manufac-
turing a flexible display device and a carrier substrate used for
the method of manufacturing a flexible display device.

2. Description of the Related Technology

Much researches has been directed to display devices such
as organic light-emitting diodes because the display devices
are capable of being made thin and flexible due to their
manufacturability and operational characteristics.

However, because such a thin and flexible substrate can be
made so thin, handling of the substrate is difficult. Accord-
ingly, a carrier substrate that is relatively thick is used to
attach a relatively thin and detachable substrate. Then, a dis-
play unit is formed and the carrier substrate is separated later,
thereby producing a thin and flexible display device.

Thus, a key point is to ensure that the carrier substrate is
smoothly attached and separated with respect to the thin
substrate, which may relate to production efficiency.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

One inventive aspect is a method of manufacturing a flex-
ible display device in which a combination and a separation
between a base substrate and a carrier substrate may be
smoothly performed without an additional mask deposition
process, and the carrier substrate used for the method of
manufacturing a flexible display device.

Another aspect is a method of manufacturing a flexible
display device includes preparing a first release area and a
first attachment area around the first release area on a first
surface, attaching a base substrate to the first surface, forming
a display unit on the base substrate corresponding to the first
release area of the carrier substrate, cutting the area of the
base substrate corresponding to the first release area of the
carrier substrate to include the display unit, and separating the
cut base substrate from the carrier substrate.

In some embodiments, the first release area may be formed
by a sand-blast process.

Both of the base substrate and the carrier substrate may
include a glass material having a surface roughness of about
0.2 nm to about 0.3 nm.

A surface roughness of the first release area may be about
0.15 pm to about 1.2 pm by the sand-blast process.

The attaching of the base substrate may include combining
the carrier substrate and the base substrate by a van der Waals’
force in the first attachment area, and combining the carrier
substrate and the base substrate by inducing a Si—O covalent
bond between the carrier substrate and the base substrate in
the first attachment area through a thermal treatment.

After the base substrate is attached to the carrier substrate,
the first release area may be in a non-combined state with the
base substrate.
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2

The method may further include forming and sealing the
display unit.

In the cutting of the base substrate, the base substrate may
be cut by irradiating a laser beam.

In the cutting of the base substrate, the base substrate may
be cut such that an edge of the base substrate is spaced apart
from a boundary of the first release area toward the center of
the first release area.

The carrier substrate may include a second surface that is
the opposite to the first surface, and a second release area
corresponding to the first release area is formed on the second
surface.

The second release area may be formed by a sand-blast
process.

Surface roughness of the second release area and the first
release area may be different from each other.

According to another aspect, a carrier substrate used for
manufacturing a flexible display device includes a first sur-
face and a second surface that is an opposite surface to the first
surface, wherein the first surface comprises a first release area
that is sand-blast processed and a first attachment area that is
not sand-blast processed and is disposed around the first
release area.

The carrier substrate may be formed of a glass material,
wherein the first release area has a surface roughness of about
0.15 um to about 1.2 um and the first attachment area has a
surface roughness of about 0.2 nm to about 0.3 nm

A base substrate may be disposed on the first surface, the
carrier substrate and the base substrate may be combined with
each other in the first attachment area by a van der Waals’
force and a Si—O covalent bond, and the first release area
may not be combined with the base substrate.

A display unit may be formed on an area of the base
substrate corresponding to the first release area, and the area
of the base substrate corresponding to the first release area
may be cut and separated in a subsequent process.

Each of the first release area and the first attachment area
may be provided in plural numbers.

A second release area corresponding to the first release area
may be formed on the second surface.

The second release area may be an area that is sand-blast
processed.

The surface roughness of the first and second release areas
may be different from each other.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is a cross-sectional view schematically illustrating a
flexible display device according to an embodiment.

FIGS. 2A and 2B are cross-sectional views schematically
illustrating a method of manufacturing a carrier substrate
according to an embodiment.

FIGS. 3A and 3B are cross-sectional views schematically
illustrating a method of manufacturing a carrier substrate
according to another embodiment.

FIGS. 4A through 4FE are cross-sectional views schemati-
cally illustrating a process of manufacturing the flexible dis-
play device of FIG. 1.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

The attached drawings for illustrating embodiments are
referred to in order to gain a sufficient understanding of the
present disclosure, the merits thereof, and the objectives
accomplished by the implementation of the present disclo-
sure. Hereinafter, the present invention will be described in
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detail by explaining the embodiments with reference to the
attached drawings. The same reference numerals in the draw-
ings denote the same or like elements.

FIG. 1is a cross-sectional view schematically illustrating a
flexible display device 100 according to an embodiment.
Referring to FIG. 1, the flexible display device 100 has a
structure in which an ultra-thin type base substrate 110 having
athickness of'about 50 um to about 100 um, a display unit 120
for forming an image, a sealing substrate 130 for sealing the
display unit 120 are sequentially stacked. In other words, a
flexible structure is embodied in which the display unit 120 is
sealed by the base substrate 110 formed of a very thin glass
material and the sealing substrate 130 formed of a thin film,
instead of a conventional thick and hard glass substrate.
Accordingly, the flexibility of a flexible display device is
much increased compared to a conventional structure in
which the display unit 120 is surrounded by a thick glass
substrate. Thus, an image on a bent screen may be displayed.

The base substrate 110 is formed of a general glass material
and only has only a thickness of about 50 um to about 100 um
and thus exhibits a very high flexibility and transmissivity.
The display unit 120 includes a thin film transistor (not
shown), a light-emitting layer (not shown), etc. to produce an
image.

The sealing substrate 130 is a layer having an anti-moisture
property to prevent intrusion of external moisture and may
include a thin film layer in which, for example, a multilayer
film of SiO/SiN and transparent polyimide are stacked. Since
the sealing substrate 130 is a thin film layer, the sealing
substrate 130 merely has a thickness of about 1-10 um.

The flexible display device 100 configured as above may be
manufactured by using a carrier substrate 200 of FIGS. 2A
and 2B and a carrier substrate 202 of FIGS. 3A and 3B.

FIGS. 2A and 2B are cross-sectional views schematically
illustrating a method of manufacturing a carrier substrate
according to an embodiment. Referring to FIGS. 2A and 2B,
in the method of manufacturing the carrier substrate 200, first,
as illustrated in FIG. 2A, the carrier substrate 200 of a glass
material is prepared, and a sand-blast process is performed on
a first surface of the carrier substrate 200. The carrier sub-
strate 200 of a glass material may be a substrate with a very
flat surface having a surface roughness of about 0.2-0.3 nm.

In some embodiments, the sand-blast process is a process
of’blasting sand with a compressed air. After the sand-blasting
process is performed, as illustrated in FIG. 2B, a first release
area 210 where fine unevenness is formed and a first attach-
ment area 220 that is not sand-blast processed around the first
release area 210 may be formed on a first surface of the carrier
substrate 200.

Because the first attachment area 220 is not shot-blast
processed, a surface roughness of the first attachment area
220 is in a range of about 0.2-0.3 nm without change. How-
ever, the first release area 210 is in a relatively rough state due
to the sand-blast process, compared to the first attachment
area 220.

In some embodiments, a surface roughness of the first
release area 210 is in a range of about 0.15-1.2 um. When the
surface roughness of the first release area 210 is higher than
1.2 um, the carrier substrate 200 may be broken during the
sand-blast process or a subsequent process. In contrast, when
the surface roughness of the first release area 210 is lower than
0.15 um, the base substrate 110 may be combined to the
carrier substrate 200 since a release effect is negligible.
Therefore, the first release area 210 is sand-blast processed to
have a surface roughness in a range of about 0.15 pm to about
1.2 um.
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Also, although FIGS. 2A and 2B illustrate that only one
first release area 210 is formed, the present disclosure is not
limited thereto and a plurality ofthe first release areas 210 and
aplurality of the first attachment areas 220 may be formed on
the carrier substrate 200.

FIGS. 3A and 3B are cross-sectional views schematically
illustrating a method of manufacturing a carrier substrate
according to another embodiment. Referring to FIGS. 3A and
3B, a carrier substrate 202 may be manufactured by forming
a second release area 212 by performing a sand-blast process
again on a second surface ofthe carrier substrate 200 opposite
to the first surface where the first release area 210 is formed.

The first release area 210 formed on the first surface may be
formed the same as those described with reference to FIGS.
2A and 2B. In other words, the first release area 210 is formed
to have a surface roughness of about 0.15 um to about 1.2 pm
by a sand-blast process.

In the process of forming the first release area 210, the
carrier substrate 202 may be bent in a direction in which sand
is blasted. Accordingly, when the carrier substrate 202 is bent,
the ultra-thin type base substrate 110 of FIG. 1 attached to the
carrier substrate 202 may be broken. As the second release
area 212 is formed on the second surface, flatness of the
carrier substrate 202 may be maintained.

For example, even when bending occurs during the form-
ing of the first release area 210, because the second release
area 212 corresponding to the first release area 210 is formed
on the second surface by the sand-blast process, the bending
occurring during the process of forming the first release area
210 is offset so that the flatness of the carrier substrate 202
may be maintained.

The second release area 212 is formed to restrict the bend-
ing of the carrier substrate 202. The surface roughness of the
second release area 212 and the first release area 210 may be
formed to be different from each other.

FIGS. 4A through 4FE are cross-sectional views schemati-
cally illustrating a process of manufacturing the flexible dis-
play device of FIG. 1. The method of manufacturing a flexible
display device by using the carrier substrate 200 of FIG. 2B is
described below.

First, as illustrated in FIG. 4A, the carrier substrate 200
including the first release area 210 and the first attachment
area 220 around the first release area 210 on the first surface
is prepared. The base substrate 110 is attached to the first
surface of the carrier substrate 200.

Although both of the carrier substrate 200 and the base
substrate 110 are glass having a very flat surface of about 0.2
nm to about 0.3 nm, as described above, the first release area
210 of the carrier substrate 200 has a surface roughness of
about 0.15 um to about 1.2 um by the sand-blast process.

Thus, as the base substrate 110 and the carrier substrate 200
bothhave a surface roughness of about 0.2 nm to about 0.3 nm
and closely contact each other in the first attachment area 220,
a van der Waals’ force is generated and thus a firm combina-
tion is achieved between the base substrate 110 and the carrier
substrate 200. In contrast, because the first release area 210 is
in a rough state due to the sand-blast process, a van der Waals’
force is not generated and thus the base substrate 110 and the
carrier substrate 200 are not combined with each other. In this
state, a thermal process is performed at a high temperature of
about 250° C. orhigher. As aresult, in the first attachment area
220, a Si—O covalent bond is formed between the base
substrate 110 and the carrier substrate 200 formed of a glass
material and thus a firmer combination between the base
substrate 110 and the carrier substrate 200 is achieved. How-
ever, in the first release area 210 where the distance between
molecules is relatively large, the Si—O covalent bond is



US 9,293,291 B2

5

hardly formed between the substrates 110 and 200 and thus
the base substrate 110 and the carrier substrate 200 are main-
tained in a non-combined state.

As such, after the base substrate 110 is combined with the
carrier substrate 200, the display unit 120 is formed on the
base substrate 110 as illustrated in FIG. 4B. The display unit
120 is formed in an area corresponding to the first release area
210 of the base substrate 110.

Next, as illustrated in FIG. 4C, the sealing substrate 130 is
formed onthe display unit 120 to hermetically seal the display
unit 120. When a stack structure is formed by the above
process, as illustrated in FIG. 4D, a laser beam is irradiated
onto the base substrate 110 along an inner side of the first
release area 210 of the carrier substrate 200. In other words,
the base substrate 110 may be easily cut and separated from
the carrier substrate 200 by irradiating a laser beam onto the
base substrate 110 in a portion of the first release area 210
where the base substrate 110 and the carrier substrate 200 are
not combined with each other.

Then, the base substrate 110 is separated from the carrier
substrate 200 as illustrated in FIG. 4E. In this state, when the
carrier substrate 200 and the base substrate 110 are firmly
combined with each other over the entire surface thereof, the
base substrate 110 and the carrier substrate 200 are not easily
separated from each other and thus a product may be damaged
while the base substrate 110 is forcibly separated from the
carrier substrate 200. In some embodiments, however, such a
problem may be solved because the inner side of the first
release area 210 where the base substrate 110 and the carrier
substrate 200 are not combined with each other due to the
sand-blast process is cut and separated.

As aresult, the flexible display device 100 is manufactured,
wherein the flexible display device 100 exhibits flexibility
because the base substrate 110 and the sealing substrate 130
are flexible and can replace the conventional thick and hard
glass substrate.

Also, as described above, when the base substrate 110 is
attached to the carrier substrate 200 in the manufacturing
process, the firm combination in the first attachment area 220
is used. During the separation process, the base substrate 110
is separated from the carrier substrate 200 by cutting a portion
corresponding to the inner side of the first release area 210
that is not combined with the base substrate 110. Accordingly,
the combination and separation processes may be smoothly
performed and thus the rate of forming a defective product
may be reduced.

In addition, when the first release area 210 that is not
combined with the base substrate 110 is formed in the carrier
substrate 200, the sand-blast process is used so that a separate
mask deposition process is not needed, which reduces a work
load.

In the above-described embodiment, the first release area
210 and first attachment area 220 are provided one for each.
However, each of the first release area 210 and first attach-
ment area 220 may be formed in plural numbers and the
combination and separation processes may be performed for
a plurality of the first release area 210 and first attachment
area 220.

As described above, by using the carrier substrate and the
manufacturing method, the combination and separation pro-
cesses of the carrier substrate and the base substrate may be
smoothly performed without a separate mask deposition pro-
cess. Thus, damage of a product that may occur during the
combination and separation processes of substrates may be
much reduced.

In the method of manufacturing a flexible display device
described with reference to FIGS. 4A to 4E, the carrier sub-
strate 202 illustrated in FIG. 3B may be used. In the carrier
substrate 202 illustrated in FIG. 3B, the first release area 210
is formed on the first surface and the second release area 212
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6

corresponding to the first release area 210 is formed on the
second surface that is the opposite to the first surface. In other
words, even when bending is generated in the carrier substrate
202 during the sand-blast process to form the first release area
210, as the second release area 212 is formed by the sand-blast
process, the bending generated in the carrier substrate 202
may be offset. Thus, the carrier substrate 202 may be main-
tained flat. Accordingly the carrier substrate 202 that is bent
may be reused, thereby improving manufacturing yield. Fur-
thermore, because the carrier substrate 202 may be main-
tained flat, the attachment process of the ultra-thin type base
substrate 110 may be stably performed and the quality of the
formed flexible display device 100 may be further improved.

The above embodiments are presented for illustrative pur-
poses only, and are not intended to define meanings or limit
the scope of the present invention as set forth in the following
claims. Those skilled in the art will understand that various
modifications and equivalent embodiments of the present
invention are possible without departing from the spirit and
scope of the present invention defined by the appended
claims.

What is claimed is:

1. A method of manufacturing a flexible display device, the
method comprising:

preparing a first release area and a first attachment area

around the first release area on a first surface of a carrier
substrate;

attaching a base substrate to the first surface;

forming a display unit, configured to generate an image, on

the base substrate corresponding to the first release area
of the carrier substrate;

cutting the base substrate around an area corresponding to

the first release area of the carrier substrate, so as to
include the display unit; and

separating the cut base substrate from the carrier substrate,

wherein the first release area is formed by a sand-blast

process.

2. The method of claim 1, wherein each of the base sub-
strate and the carrier substrate comprises a glass material
having a surface roughness of about 0.2 nm to about 0.3 mm.

3. The method of claim 2, wherein a surface roughness of
the first release area is about 0.15 um to about 1.2 pm by the
sand-blast process.

4. A method of manufacturing a flexible display device, the
method comprising:

preparing a first release area and a first attachment area

around the first release area on a first surface of a carrier
substrate;

attaching a base substrate to the first surface;

forming a display unit on the base substrate corresponding

to the first release area of the carrier substrate;

cutting the base substrate around an area corresponding to

the first release area of the carrier substrate, so as to
include the display unit; and

separating the cut base substrate from the carrier substrate,

wherein the attaching of the base substrate comprises:
combining the carrier substrate and the base substrate by a
van der Waals’ force in the first attachment area; and

combining the carrier substrate and the base substrate by
inducing a covalent bond between the carrier substrate
and the base substrate in the first attachment area
through a thermal treatment.

5. The method of claim 4, wherein, after the base substrate
is attached to the carrier substrate, the first release area is in a
non-combined state with the base substrate.

6. The method of claim 1, further comprising sealing the
display unit.

7. The method of claim 1, wherein, in the cutting of the base
substrate, the base substrate is cut by irradiating a laser beam.
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8. The method of claim 1, wherein, in the cutting of the base
substrate, the base substrate is cut such that an edge of the
base substrate is spaced apart from a boundary of the first
release area toward the center of the first release area.

9. A method of manufacturing a flexible display device, the 5
method comprising:

preparing a first release area and a first attachment area

around the first release area on a first surface of a carrier
substrate;

attaching a base substrate to the first surface;

forming a display unit on the base substrate corresponding

to the first release area of the carrier substrate;

cutting the base substrate around an area corresponding to

the first release area of the carrier substrate, so as to
include the display unit; and

separating the cut base substrate from the carrier substrate, 15

wherein the carrier substrate comprises a second surface
that is an opposite surface to the first surface, and a
second release area corresponding to the first release
area is formed on the second surface.

10. The method of claim 9, wherein the second release area 20
is formed by a sand-blast process.

11. The method of claim 9, wherein the second release area
and the first release area have different surface roughness.

12. The method of claim 1, further comprising forming a
sealing unit over the display unit, wherein the sealing unit ,;
contacts the base substrate and the display unit.
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